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Description
Background

[0001] The invention relates to a blood treatment sys-
tem according to claim 1. Accordingly, the presentinven-
tion relates generally to medical treatments, and more
specifically to the control of medical treatments based on
the detection of the properties of fluids involved in treat-
ment.

[0002] A blood treatment system of the above-men-
tioned type is known, e.g., from WO 2007/109537 A1.
Further blood treatment systems are known, e.g., from
WO 00/66197 A1 and WO 2016/092913 A1. Due to dis-
ease orinjury, a patient’s renal system may lose sufficient
function to sustain life. The failure can cause a water
imbalance and the accumulation of toxic elements that
are no longer properly eliminated. For example, end
products of nitrogen metabolism (e.g., urea, creatinine,
uric acid, and others) can accumulate in blood and tis-
sues.

[0003] There are various forms of renal replacement
therapy that can be used to treat renal failure. For exam-
ple, dialysis removes waste, toxins, and excess water
from the body that would otherwise have been removed
normally. Dialysis treatment can be life-saving. Hemodi-
alysis, hemofiltration, and peritoneal dialysis are three
types of dialysis therapies generally used to replace renal
function.

[0004] Hemodialysis removes waste, toxins, and water
directly from the patient’s blood by flowing blood and di-
alysate through an extracorporeal circuit, and exchang-
ing fluids, solutes, and molecular species across a mem-
brane by diffusion and convection. A patientis connected
to atreatment machine and the patient’s blood is pumped
through a blood circuit. A patient access using needles
or catheters may provide access to veins and arteries for
the supply and return of blood to and from the treatment
machine. The membrane is housed in a dialyzer, a type
of filter. As blood passes through the dialyzer, the waste,
toxins, and excess water from the patient’s blood are
removed and the cleansed blood is returned to the pa-
tient. During a treatment, as much as 90-120 liters of
dialysate may be consumed. Treatments may last sev-
eral hours and may be performed daily or two to three
times per week.

[0005] Hemofiltration is similar to hemodialysis but dif-
fers in relying more on convection of fluid from the blood
and replacement of the fluid with a replacement fluid.
Hemofiltration is better at removing larger molecules. To
an extent, convection and diffusion play arole in the func-
tion of the treatment in both hemodialysis and hemofil-
tration, and there are treatments that lie in the middle
called hemodiafiltration.

[0006] Peritoneal dialysis infuses dialysate into the
peritoneum, effectively using the peritoneal membrane
as the filter to exchange water and dissolved species with
the dialysate. The transfer of waste, toxins, and excess
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water from the bloodstream into the dialysate occurs due
to diffusion and osmosis during a dwell period. The spent
dialysate is later drained to remove the excess water and
other materials.

[0007] There are a variety of peritoneal dialysis modal-
ities. Automated peritoneal dialysis includes a drain, fill,
and dwell cycle. However, a dialysis machine performs
multiple cycles of filland drain on a schedule that includes
a dwell interval. This may be done overnight while the
patient sleeps. With automated peritoneal dialysis, the
treatment machine connects to an implanted catheter
and to a source of fluid and a drain. The machine pumps
spent dialysate from the peritoneal cavity, through the
catheter, to the drain, and then pumps fresh dialysate
through the catheter to the peritoneum. A computer con-
troller may be used to control the machine.

[0008] In all renal replacement therapy systems, there
is a dire need to maintain sterility to prevent infection.
Also, there is a perennial need for improved safety be-
cause of the risks associated with repeated treatments
and the fact that the patient’s blood and peritoneum are
so vulnerable to exposure. Still further, there may be fur-
ther opportunities to extract relevant information about a
patient’s health and the efficacy of treatments. Still fur-
ther, there may exist opportunities to use information that
is available or which can be extracted readily during treat-
ment in real-time and continuously or discontinuously to
aid in the management of equipment, patient health, and
treatment efficacy.

Summary

[0009] The present invention provides a blood treat-
ment system according to claim 1. Further embodiments
of the invention are described in the dependent claims.
The disclosed subject matter includes devices, methods,
and systems for detecting a patient or treatment system
status or event, such as a diagnosis of an infection or a
patient’s fluid status, based on parameters detected us-
ing the treatment system. The disclosed embodiments
relate tofluid treatment systems or other bodily fluid treat-
ment systems in which a fluid is removed from a patient.
Examples include extracorporeal blood treatment sys-
tems and peritoneal dialysis systems. According to em-
bodiments, a property of a fluid from a patient is detected
and stored as data over a period of time, for example,
over a treatment cycle or over multiple treatment cycles.
Data from multiple treatments may be stored and used
to extract a prediction of temporal profiles expected for
future treatments. This predicted profile can be compared
to a current profile and used to determine if it indicates
a remarkable treatment status or patient status, for ex-
ample, an infection. Parameters may include tempera-
ture and viscosity of the fluid or any other parameter in-
dicative of a physical or chemical property of the fluid. In
embodiments, the parameter may be proportional to vis-
cosity. These may be absolute parameters or relative
parameters - an outgoing fluid parameter taken relative
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to aningoing fluid parameter. Trends in these parameters
may be combined with other parameters measured oth-
erwise to allow them to be correlated for specific patients.
For example, fluid volume status may be correlated with
viscosity and hematocrit to create a custom model that
can predict one of these given one or more of the others.
In addition, dynamic trends in these parameters and oth-
ers may be combined over a treatment or over one or
more days/treatments, the parameters including, for ex-
ample, pH, hematocrit or hemoglobin level, heart rate,
blood pressure, blood oxygenation, as well as other pa-
rameters either directly measured or stored in a data log.
Conditions may be automatically changed and time
trends recorded to yield additional diagnostic data. For
example, atemporary reduction or halting of ultrafiltration
during a treatment with time-based sampling of blood
viscosity can indicate the rate of movement of fluid from
the interstitial compartment to the blood compartment,
and/or indicate whether further ultrafiltration is needed.

[0010] It will be observed that the methods, devices,
and systems disclosed may be employed in various com-
binations to, among other things:

a. improve the diagnosis of a patient undergoing a
treatment, and in particular, a renal replacement
therapy or extracorporeal blood treatment;

b. using single or multiple real-time sensor signals
alone or in combination with logged data, detect cor-
rect or incorrect operation of medical treatment
equipment or operator error that could lead to incor-
rect operation of medical treatment equipment;

c. improve renal replacement therapy or extracor-
poreal blood treatment outcomes; and

d. detect patient water content and/or ultrafiltration
rate during a blood treatment continuously or discon-
tinuously and in real-time.

[0011] Objects and advantages of embodiments of the
disclosed subject matter will become apparent from the
following description when considered in conjunction
with the accompanying drawings.

Brief Description of the Drawings

[0012] Embodiments will hereinafter be described in
detail below with reference to the accompanying draw-
ings, wherein like reference numerals represent like el-
ements. The accompanying drawings have not neces-
sarily been drawn to scale. Where applicable, some fea-
tures may not be illustrated to assist in the description of
underlying features.

Fig. 1 is a schematic illustration of a peritoneal dial-
ysis or hemodialysis system, according to embodi-
ments of the disclosed subject matter.

Fig. 2 is a graph showing the relationship between
viscosity and hematocrit level.

Fig. 3 shows a schematic illustration of a feature of
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a hemodialysis system, according to embodiments
of the disclosed subject matter.

Fig. 4 shows a schematic illustration of a feature of
a further hemodialysis system, according to embod-
iments of the disclosed subject matter.

Figs. 5 and 6 show embodiments of systems that
automatically divert a sample of fluid responsively to
an estimation signal indicating the presence of, or a
probability of, a condition of interest such as a patient
infection.

Fig. 7Ais afigurative illustration of the time-variation
of a parameter related to (preferably proportional) to
viscosity which may occur over a course of a drain
cycle of a peritoneal dialysis treatment for purposes
of discussing statistics that may be used to identify
a potential infection, according to embodiments of
the disclosed subject matter.

Fig. 7B is a figurative frequency domain signal de-
rived from the time variation of a parameter related
to (preferably proportional) to viscosity which may
be based on a window function spanning seconds
to minutes occur over a course of a drain cycle of a
peritoneal dialysis treatment for purposes of discuss-
ing features that may be used to identify a potential
infection, according to embodiments of the disclosed
subject matter.

Fig. 8 shows a metric of a parameter related to vis-
cosity over multiple treatments or multiple cycles with
each bar 402, 404, 406 showing a given treatment
or a different drain cycle of peritoneal dialysis all de-
velop over time in order to illustrate that remarkable
changes in the parameter in a given cycle or a given
treatment may be used to identify a possible condi-
tion such as an infection of the peritoneum.

Fig. 9 is a block diagram of an example computer
system according to embodiments of the disclosed
subject matter.

Fig. 10 shows a "double pod" article of manufacture
that may be used in place of a single pressure sensor
in a fluid circuit such as a blood circuit for pressure
detection and viscosity-dependent pressure loss
measurement.

Detailed Description

[0013] A generalized system 100 is shown in Fig. 1. A
treatment system 104, which may include a blood treat-
ment device that transfers a fluid, such as blood, from
and to a patient 122. The system may also represent a
peritoneal dialysis machine that transfers peritoneal di-
alysate to the patient 122 and withdraws peritoneal dia-
lysate from the patient 122. Fluid is conveyed via a fluid
circuit 101 that includes lines 112 that engage, or expose
contents to, one or more sensors 109, 111, 108, 110.
Sensor signals of sensors 109, 111, 108, 110 are con-
veyed to a controller 116 which may control pumps such
as pump 102, and other pumps not shown, as required.
Sensor signals of sensors 109, 111, 108, 110 may also
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be used by controller 116 to display and/or record patient
status/data, transmit patient status/data to a healthcare
provider or any other person, device, or entity (e.g., via
paging, email, text messaging, treatment log, network
server), control delivery of a medicine to the patient (e.g.,
by controlling an IV or a substance added to the fluid in
lines 112).

[0014] Fluid may be conveyed through flow restrictions
107, 115 to facilitate measurement of a parameter of the
fluid, for example, a viscosity of a respective one of blood
or peritoneal dialysate in various embodiments. Howev-
er, any other known means of measuring viscosity may
be used in alternative embodiments, such as any known
viscometer orrheometer or by using an optical technique.
Captured measurements may be stored by the controller
116 on a non-volatile data store 118 that resides locally
orin the cloud.

[0015] With regard to any of the embodiments dis-
closed herein, including the claims, pressure loss through
the flow restriction may be used to detect a fluid’s vis-
cosity. The calculation may involve the use of an empir-
ical conversion constant for the flow restriction 107, 115
obtained from experiments with the particular fluid and
low regime (i.e., turbulent vs laminar) of interest. Some
fluids, such as blood, have a viscosity that varies with
the shear rate so comparable viscosities may be meas-
ured at predefined flow rates or within predefined ranges
of flow rates. The pressure loss for a predefined config-
uration, flow rate, and fluid properties (e.g. density, for
turbulent flow) other than viscosity may be identical, or
made to be identical by the controller (e.g., flow rate) from
one measurement to the next. The controller may control
a pump or pumps to establish a predefined flow rate
stored in a memory by the controller for purposes of per-
forming a viscosity measurement. The flow rate may be
temporarily established for the purpose of measurement
and controlled to other flow rates at other times. Prefer-
ably viscosity is measured at Reynolds numbers in the
laminar regime (<2100 or <2300) which makes the pres-
sure loss invariant with respect to density. Since blood
density is proportional to total protein, the water loading
of the blood compartment of the patient will be density
sensitive. Thus the laminar flow regime simplifies the
measurement of viscosity. As pointed out elsewhere,
since for a predefined flow system (restriction 107, 115
including the pressure sensors, the restriction for exam-
ple being a straight length of tubing or a curved tube
having a predefined diameter, an orifice, a smooth con-
traction, or other type of restriction) and a predefined flow
rate, the pressure difference indicated by the pressure
sensors is simply proportional to viscosity for laminar
flow, thresholds for response can be established in terms
of pressure drop. In other words it is not necessary to
convert pressure drop to viscosity because the latter dif-
fers from pressure drop only by a constant of proportion-
ality. To extend the embodiments to turbulent flow
(Re>2000) the pressure loss depends on density. The
above features are well-known from empirical equations
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for calculating pressure drop in fluid flow fixtures, for ex-
ample, Darcy Weisbach equation and Hagen-Poiseuille
equation.

[0016] The controller 116 may or may not have control
functions such as operating the pump 102 or pumps and
may be embodied in a stand-alone processor. Alterna-
tively, controller 116 may control the treatment system
104 and/or the pump 102, in order to take an action re-
sponsively to a detected status or to enhance the acqui-
sition of data relating to the patient or treatment being
administered.

[0017] In embodiments, the one or more sensors 109,
111,108, 110 may include one or more pressure sensors
or pressure pods, blood oxygen level sensors, pulse sen-
sors (which may be combined as pulse-oximeter), tem-
perature sensors, pH sensors, or other sensor types that
measure a physical, chemical, or other parameter of a
fluid. System 104 may alternatively or additionally include
aweight scale 113 that provides a signal indicative of the
weight of the patient 122, and the controller 116 may use
such signal, instead of or in combination with signals pro-
duced by the one or more sensors 109, 111, 108, 110,
to implement any functionality described herein with ref-
erence to a treatment of the patient 122. As indicated
elsewhere, the flow restriction 107, 115 may include tub-
ing or all or part of the pressure sensors 109, 111, 108,
110.

[0018] In some alternative or additional embodiments,
system 100 may transfer a fluid other than blood or peri-
toneal dialysate from and to the patient 122, such as
urine, lymph, cerebrospinal fluid, amniotic fluid, synovial
fluid, etc. In these embodiments, sensors 109, 111, 108,
110 may measure any physical, chemical, or other prop-
erty of the fluid, and thus may be used by controller 116,
alone or in combination with other sensor data from any
other sensors, to display and/or record patient status/da-
ta, transmit patient status/data to a healthcare provider
or any other entity (e.g., via paging, email, text messag-
ing, etc.), control delivery of a medicine to the patient
(e.g., by controlling an IV or a substance added to the
fluid in lines 112), etc. Again, the fluid may be conveyed
through flow restrictions 107, 115 to facilitate measure-
ment of viscosity. However, any other known means of
measuring viscosity may be used in alternative embod-
iments.

[0019] As indicated, certain embodiments relate to
peritoneal dialysis treatments. As discussed in United
States Patent Application US20140018727 (incorporat-
ed by reference in its entirety herein), a peritoneal
fill/drain line may include a distal fluid pressure sensor
located near the patient connection and a fluid pressure
sensor near the inlet to a peritoneal dialysis (PD) cycler.
The fluid path between the two sensors creates a restric-
tion such that when fluid is pumped to or from the patient,
a pressure differential is produced that indicates the fluid
viscosity. The viscosity can indicate various processes
thatmay require intervention, including disease, fluid lev-
el, or other factors that may affect treatment or patient
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health.

[0020] Embodiments provide improvements on this
art. In embodiments, by measuring pressure drop across
elements of a fluid circuit that are already in place for
treatment, the cost of consumables is minimized. For ex-
ample pressure sensors may be present for other pur-
pose such as detection of arterial or venous pressure,
out-of-bounds operating conditions, for pump inlet pres-
sure compensation for accurate flow conversion from
pump speed to flow rate base on pump curves, or other
purposes, if separated by a flow path that can function
as aflow restriction (all flow paths can but preferably such
a flow path provides laminar flow) and the only additional
components needed are those that are required for de-
tecting pressure. Such pressure sensors may thus al-
ready define a structure such as discussed above with
respect to pressure sensor 109 and pressure sensor 111
linked by a flow restriction 107 (similarly for pressure sen-
sor 108 and 110 linked by flow restriction 115). In other
embodiments, the existence of a pressure sensor and a
flow path that provides resistance may be supplemented
by a single additional pressure sensor to provide the com-
ponents needed for measurement of viscosity. In either
case, a controllable pump may also be in place in the
treatment system for performing treatment.

[0021] Thus, in embodiments, the pressure sensor or
sensors may be pressure sensors that perform functions
other than viscosity measurement. The line through
which pressure drop is measured may include a blood
line. The viscosity may be used alone or in combination
with other data to generate parameters for detecting a
condition of the treatment or the patient. In embodiments,
using pressure pods allows a separation of the transduc-
er, which can be permanent and connected to the treat-
ment machine, and allows the placement of the pod an-
ywhere on the circuit.

[0022] Examples of other purposes for which the pres-
sure sensors of the embodiments may be used include
(1) testing line or connection integrity by pressure-decay
testing, (2) peristaltic pump flow control based on inlet
pressure compensation, (3) pressure monitoring for out-
of-bound conditions, (4) blood or peritoneal cavity pres-
sure measurement. In such cases, the pressure sensors
may also provide for viscosity detection and for other
functions as described herein.

Using A Flow Restriction

[0023] The pressure sensor arrangement of Figs. 2A,
3A, 3B, 4A, 4B, 6A through 6K of US20140018727 and
other embodiments provide proximal and distal pressure
sensors which are used to measure pressure drop along
the PDfill/drain line. Such arrangement of the PD fill/drain
line, including the amount and degree of curvature of the
flow path, whether it is pinched in places or not, can vary
from treatment to treatment.

[0024] In some embodiments, to avoid problems with
using the fill/drain line (or separate fill and drain lines, if
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present), a flow restriction that is resistant to variation
from one treatment session or tubing set to another may
be provided. Pressure detection through this repeatable
flow restriction is used to obtain pressure drop data that
may be used to detect viscosity or variations thereof (e.g.,
hemoglobin or hematocrit) as described herein. A rigid
tube length with low manufacturing tolerance (lower than
other portions of the fluid circuit) may be provided. In
embodiments, a single housing with two pressure pods
joined by a rigid injectionmolded port or tube length may
be provided, the latter defining a flow restriction (e.g.,
107, 115). Such a "double pod" may be used in any fluid
circuit having a portion where a pressure measurement
is required (e.g., pump inlet pressure compensation, ve-
nous pressure, or arterial pressure). Fig. 10 shows a
"double pod" 502 article of manufacture that may be used
in place of a single pressure sensor in a fluid circuit such
as a blood circuit for pressure detection and viscosity-
dependent pressure loss measurement. A first pressure
pod 506 is joined to a second pressure pod 504 by a flow
path element 510 which defines a restriction as dis-
cussed elsewhere in the present disclosure. These ele-
ments may be formed of a single housing. Air sensor
lines 508 and 510 connected to pressure transducers.
Fluid, such as blood, flows through ports connected to
inlet and outlet lines 512 and 514.

[0025] In embodiments, examples of flow restrictors
which may be added to those of Figs. 2A, 3A, 3B, 4A,
4B, 6A through 6K of US20140018727, hereby incorpo-
rated by reference as if fully set forth herein, or as alter-
natives thereto, include an orifice and a rigid channel.
Pressure sensors may be arranged on either end of the
flow restriction. One or both of the pressure sensors that
measure the pressure drop may include any pressure
sensor known in the art such as any of those shown in
the Figs. 2A, 3A, 3B, 4A, 4B, 6A through 6K of
US20140018727. In embodiments, the flow area of the
fill/drain line between the flow restriction and the pressure
sensor may be large enough such that the flow restriction
presents a much greater restriction to flow than the rest
of the fill/drain line. With such a configuration, variability
inthe arrangement of the PD fill/drain line, inner diameter,
the amount and degree of curvature of the flow path,
whether it is pinched in places or not, for example, may
introduce a minor and tolerable variation in the viscosity
calculated from the pressure drop. In embodiments, the
flow restriction may be sized to create a pressure drop
that is a predefined number of times greater that the
greatest typical variation created by variations in the
above parameters.

Indicating A Trend in Viscosity

[0026] In embodiments, as an additional feature that
may be provided to improve a function to detect condi-
tions indicated by viscosity changes and magnitudes, the
system may capture and analyze historical trends of vis-
cosity (and optionally combine historical trends with other
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data as discussed later). In embodiments, the pressure
drop data is recorded during a treatment, including, op-
tionally atleast, at multiple times during a single treatment
to create a record over time of the pressure drop data.
These pressure data may be used with predefined con-
figuration data stored as a model or with empirically-de-
rived data to generate a trend or instance of viscosity
over time during a treatment. As indicated, the pressure
drop can be used without conversion, in embodiments.
The trend orinstant (or statistic derived from a trend) may
be stored in a patient profile and referred to during each
treatment for comparison by a microprocessor. In em-
bodiments, when a viscosity associated with a current
treatment is different according to a predefined charac-
teristic from a predefined prediction of viscosity based
on historical pattern, an indication of the departure may
be generated and output to a user interface, a physician,
a technician, a treatment log, a nurse, a nurse station, or
any other receiving person or device. Further, such data
may generate a response in the PD system such as a
warning or shutdown.

[0027] Still another alternative or additional embodi-
ment monitors the pressure drop caused by flowing blood
in an extracorporeal blood treatment system such as a
hemodialysis system. Using a similar system attached
to measure pressure loss in a blood line or flow restrictor,
the change in the blood viscosity can be monitored, pre-
dictions based on historical trends generated, and so on
as discussed above. Since blood is non-Newtonian
(shear-thinning), a viscosity description may be generat-
ed and stored for comparison to measured conditions
during a treatment. For example, an empirical prediction
model such as: a normalized stress/strain profile or, as-
suming a controlled flow geometry, pressure loss/mass
flow profile, may be generated from historical pressure
data for comparison to instant conditions during a treat-
ment. The prediction of pressure drops (or shear) may
be further refined based on hematocrit measured using
a sensor or stored data. In alternatives, viscosity, or pres-
sure-drop alone, may be detected and compared to
thresholds for predefined flow geometry (between the
pressure sensors) and conditions such as flow rate and
blood temperature. In other embodiments, the viscosity
may be measured at multiple flow rates and compared
as independent parameters or the viscosity at the multi-
ple flow rates may be averaged. Instead of viscosity, the
pressure drop divided by flow rate may be used for lam-
inar flow.

[0028] In embodiments, blood viscosity data are col-
lected in combination with blood flow rate data to indicate
the instant blood flow rate at each viscosity measure-
ment. Alternatively, viscosity (or pressure drop) is meas-
ured at a predefined flow rate. In embodiments, blood
viscosity measurements are performed at controlled
blood flow rate levels. For example, embodiments first
reduces/increases the blood flow rate in lines 112 to
reach a pre-defined level and then measures blood vis-
cosity at the pre-defined blood flow rate level. Embodi-
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ments repeats blood viscosity measurements to obtain
a reliable measurement, for example, by discarding out-
lier measurements, by averaging all or a subset of the
measurements.

[0029] During PD therapy, there is a drain phase in
which used dialysate (effluent) from the patient is
pumped to drain. This phase typically includes a period
during which fluid is removed from the patient at a fixed
rate (typically between 200 and 400mL/min). For a fixed
pumping rate, the pressure drop between the distal pres-
sure sensor and the pump inlet sensor is proportional to
the viscosity. The cycler can measure the pressure at
these two sensors (at a suitably high sampling rate) and
calculate an average pressure drop, which can be con-
verted to a value that is proportional to the effluent’s vis-
cosity.

[0030] By recording the average pressure drop during
certain portions of each drain cycle, a profile can be gen-
erated for a given patient that reflects his or her typical
effluent viscosity for each drain cycle. Over a period of
time, this data can be used to statistically characterize

that patient’s "viscosity as a function of drain cycle" pro-
file.
[0031] The values computed for a given day’s treat-

ment can be communicated to a relevant health care pro-
fessional (HCP) as part of a daily treatment record, along
with a comparison to the patient’s average "viscosity vs.
drain cycle" profile or prediction.

[0032] If, on a given day or at a given time, there is a
significantdeviation (indicated by a change beyond apre-
defined range stored in the controller) in the patient’s
viscosity, that fact can be highlighted by the controller in
the output to the patient’s daily treatment record, signal-
ing to the HCP that there has been a significant change
indicated by a detected difference from a predefined
threshold. Significant changes in effluent viscosity can
be triggered by the onset of infection, hence this can pro-
vide HCP’s with an early indication of infection, allowing
for rapid intervention / mitigation. In embodiments, a sig-
nificant change is a change that is beyond a predefined
magnitude. In embodiments, the predefined magnitude
is determined based upon a statistics derived from vis-
cosity or other measurements in a group of patients or
from historical viscosity or other measurements of a sin-
gle patient.

[0033] During hemodialysis (HD) therapy, a similar ap-
proach can be used during the course of a treatment to
monitor changes in the viscosity of a patient’s blood dur-
ing the course of treatment. Generally, blood viscosity
varies with hematocrit levels. When pumping blood, any
pair of inline pressure sensors may detect pressure dif-
ferentials across a flow restriction such as an orifice or
length of tubing, while pumping; these pressure differen-
tials will be proportional to the blood’s viscosity, and
hence, to the hematocrit concentration. Normal values
for Hematocrit are known in the art, for example, as fol-
lows:

[0034] Renalpatients may have abnormal, usually low,
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hematocrit. This is often treated with medication. Even
normal patients vary, but in general there is a trend as
follows:

e Male: 40.7 to 50.3%
e Female: 36.1 to 44.3

Normal results for children vary, but in general are as
follows.

¢ Newborn: 45 to 61 %
e Infant: 32 t0 42%

[0035] Fig.2 shows an example graph of a relationship
between viscosity and hematocrit compared to the Ein-
stein theoretical model for a dilute suspension. It shows
that the viscosity is more sensitive to the concentration
of blood cells than would be predicted by the model. Pa-
tient treatment logs or other output such as on a user
interface may include the output of hematocrit or hemo-
globin based on a conversion from the viscosity or pres-
sure drop data. The hematocrit or hemoglobin may be
compared to predefined ranges stored by the controller
to indicate abnormal conditions which may be highlighted
in the output data or cause the controller to generate a
corresponding indication.

Indicating Whether Dry Weight Has Been Reached

[0036] In embodiments, by monitoring changes in
blood viscosity (and hence, hematocrit concentration)
during the course of an HD treatment, a treatment system
or connected digital monitoring system determines when
a patient has reached their dry weight, and adjust the
therapy such that the rate at which ultrafiltration occurs
is appropriately related to the rate at which the patient’s
body is able to replace blood fluid volume. Dry weight
indicates a normal level of water in the patient. It may be
characterized by reference to the patient’'s weight when
the normal fluid levels are achieved or by the normal con-
centration of blood constituents. Ideally, a patient should
leave a dialysis treatment at his or her dry weight. An
increase in viscosity above this "plateau” can provide an
early indication that the patient might be about to expe-
rience a hypotensive episode or "crash" due to low blood
fluid volume.

[0037] Whenusingviscosity measurement of the blood
during an extracorporeal treatment that also includes flu-
id removal from the patient (i.e., ultrafiltration or UF), be-
sides continuously monitoring the rate of change in he-
matocrit for values that exceed predefined limits as de-
scribed above, the UF can be reduced or completely halt-
ed for a brief period of time to allow the cellular/interstitial
fluid volume to equilibrate with the blood. If the patient’s
measured pressure drop, hematocrit, and/or viscosity
does not change (or shows a change smaller than a pre-
defined range) during the reduced/halted UF period, the
patient may be determined by the controller to be at the
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patient’s dry weight. More specifically, the controller 116
may store multiple samples of pressure drop information
(or the pressure data reduced to viscosity or hematocrit
according to a stored formula or lookup table) to deter-
mine a trend in viscosity and/or hematocrit during the
reduced/halted UF period. If the patient's measured in-
dicator falls during the reduced/halted UF period, the pa-
tient may be determined to have not reached their dry
weight, and therefore more fluid can be removed. The
amount of this "rebound" of viscosity/hematocrit can be
used by an automated controller to cause a change in
the UF rate including halting UF altogether. If the viscos-
ity/hematocrit does not change during the reduced/halted
UF period, the controller 116 may generate an indicator
that the patient may have reached their dry weight and
it may cease further ultrafiltration as well as indicate the
detected condition via the user interface 230. This effect,
called rebound, is detected indirectly using pressure
drop, viscosity, and/or hematocrit. The magnitude of this
rebound in hematocrit indicated by viscosity can also be
used by the controller 116 to alter the rate of UF as well.
For example, the UF rate may be controlled by the con-
troller 116 such that the rate is constant and such that
the patient reaches their dry weight at the end of a sched-
uled termination of treatment or at a predefined time be-
fore a scheduled end of treatment.

[0038] Referring to Fig. 3, a blood circuit 141 has a
venous line 140 and an arterial line 142 connectable to
a patient 122. A pump 132 pumps blood through the ar-
terial line 142, through a treatment device 130, through
the venous line 140 back to the patient 122. The arterial
line 142 has a viscosity detector 138 that includes an
upstream pressure sensor 144 and a downstream pres-
sure sensor 148 with a flow restriction 146 between them.
Similarly, the venous line 140 has a viscosity detector
136 that includes an upstream pressure sensor 144 and
adownstream pressure sensor 148 with a flow restriction
146 between them. The flow restrictors 146 may be a
tube with a predefined shape and inner diameter, a pre-
cisely sized port with a shaped inlet and outlet or any
other suitable device for generating a viscosityindicating
pressure change when fluid flows through it.

[0039] The configuration of Fig. 3 provides an arrange-
ment in which the viscosity of blood may be determined
at the entry of the treatment device 130 and at the exit
of the treatment device 130 so that the viscosity and/or
derived hematocrit properties in and out of the treatment
device may be compared by the controller 116. The vis-
cosity may be used by the controller as an indicator of a
change in hematocrit by converting the viscosity to a he-
matocrit using a function such as represented by Fig. 2.
The hematocrit level can be converted to an estimate of
the water content of the blood. The water content levels
entering and leaving the treatment device 130 can pro-
vide an independent estimate of an instantaneous ultra-
filtration rate. The latter may be numerically cumulated
over time to estimate the total fluid gained or lost during
a treatment.
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Estimating Ultrafiltration Rate

[0040] Many extracorporeal blood treatments, such as
renal replacement therapy, remove water as part of their
treatment function. In embodiments, by calculating the
instantaneous ultrafiltration rate, the controller 116 may
be enabled to control the rate, for example to limit it to a
predefined rate and no higher or to limit the cumulated
fluid gained or lost according to a prescription. As for the
rate of fluid removal or ultrafiltration rate, it may be ad-
vantageous to limit this parameter for a number of rea-
sons, including to limit the risk of forming clots in the fluid
circuit including the treatment device and/or to limit the
imbalance between the patient water level in the blood
and interstitial compartments. To draw water at a desired
rate and also provide a precise control of the total volume
withdrawn during a treatment, extracorporeal blood treat-
ment machines are required to maintain precise control
of the difference between the volume of arterial blood
drawn from a patient and the volume of venous blood
returned to the patient. Balancing mechanisms are
known in the art for this purpose, but none are perfect.
Balancing mechanisms may generate an independent
estimate of ultrafiltration rate based on a pump speed,
fluid weight, flow rate, or other mechanism, depending
on the type of balancing mechanism and according to
known principles.

[0041] However, in embodiments, such estimations
may be combined with ultrafiltration rate estimated as
described herein (e.g., based on direct hematocrit meas-
urement or based indirect hematocrit measurement as a
function of viscosity - or other) to detect a treatment error
or to verify or improve estimates, for example by aver-
aging the two estimations and controlling ultrafiltration
responsively to the average. The ability to monitor he-
matocrit continuously provides an additional way of con-
trol and insurance against flawed functioning of the fluid
balance system of the extracorporeal treatment system.
[0042] In embodiments, the controller 116 may com-
pare the hematocrits of blood entering and leaving the
blood treatment device 130 and compare to an estimate
of the fluid balancing component used to determine the
ultrafiltration rate. If the estimates of these two subsys-
tems vary by a predetermined amount, the controller 116
may output an indicator of the variance. This indicator
may be used by the controller to shut down an ongoing
treatment automatically and/or create a signal to an op-
erator.

[0043] Fig. 4 illustrates an embodiment which is the
same as Fig. 3 except that the system 136 includes two
blood pumps, a venous blood pump 133 and an arterial
blood pump 132. The volume per unit time pumped by
each pump determines the net rate of fluid removal from
the patient 122. It will be evident to the skilled person that
a variety of mechanisms are available in the art for con-
trolling, under control of the controller 116, the net rate
of fluid removal and that the example shown is only one
of these. The system of Fig. 4 may be used to allow the
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controller to select a currentrate of UF at any point during
a treatment and to vary it according to a selected control
scheme. This function may be used to provide areduction
or pause in UF during treatment to allow the measure-
ment and recording of a trend in viscosity over time or a
trend in hematocrit by deriving and recording the same
from multiple viscosity measurements over time. The re-
bound of hematocrit after a period of UF is known to be
an indicator of whether itis safe to remove additional fluid
from a patient.

[0044] The present system allows this determination
to be made automatically during a treatment and at mul-
tiple times by building into the operational profile a series
of positive UF intervals with UF reductions/pauses be-
tween them. The controller 116 may generate an indica-
tor of a rebound magnitude and rate, forexample a graph,
and use that to make an automatic determination of
whether to halt or reduce the rate of UF or to increase it.
The indicator may also be displayed on a user interface.
[0045] Note that although embodiments described de-
tect viscosity by using a flow restrictor and pressure sen-
sors, through which all of the blood being treated flows,
there are other mechanisms for continuously sampling
viscosity. For example, microfluidic samples can be re-
moved from a flow stream at intervals and applied to a
viscometer that detects viscosity and generates a signal
thereby. Destructive testing can be used where they rely
on very small sample sizes. A sampling event may be
triggered by a command to test the blood viscosity or the
event may be triggered automatically by the controller
116. There are a variety of technologies suitable for
measuring blood viscosity, and pressure drop across a
restriction (such as a capillary) is only one.

[0046] As mentioned above, the pressure sensors
used to detect viscosity (and changes thereto) can be
arranged in various ways. In embodiments, for example,
two sensors may be placed in series in the arterial blood-
line, post blood pump, predialyzer, in examples, sepa-
rated by a molded tube which may act as a flow restrictor
with appropriate properties for the purpose. Another em-
bodiment may use a patient arterial blood line as a flow
restrictor in @ manner that is similar to the use of the
fill/drain line described for PD.

Using Data Profiles And Classifiers

[0047] For PD treatments, the use of data to create an
average "viscosity versus drain cycle" profile for a given
patient, and comparing a given day’s data to that average
to flag significant deviations, may provide an early indi-
cator of infection (peritonitis) or other complications re-
lated to PD therapy such as bleeding.

[0048] In HD treatments, data may be developed dur-
ing treatment to establish a baseline viscosity/hematocrit
level. Later, this baseline data may be compared to sub-
sequent treatments to detect changes. Viscosity/hema-
tocrit may be monitored throughout a treatment, and a
trend therein over the course of a current treatment may
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be compared to trends, or an average trend (baseline
average trend or baseline trends), during previous treat-
ments of the same patient, multiple patients, or a corre-
sponding class of patients.

[0049] A baseline temporal profile of viscosity/hemat-
ocrit can take the form of a viscosity/hematocrit level
and/or an error range, both of which may be developed
using statistics cumulated over multiple treatments over
a period of time. In addition to, or as an alternative to, a
temporal curve of mean or error band, other statistics
may be generated. For example, a worst-case rate of
change of viscosity may be developed using a patient’s
previous history, and data responsive to the worst-case
change (over time and during a single treatment) in vis-
cosity can be compared to a current temporal profile of
viscosity versus time. Other features of a curve can also
be extracted and generalized, including the parameters
of fits to functions (e.g., orthogonal series, power series,
least squares fit to other functions such a Gaussians)
may be used to represent both a current evolving time
series of viscosity/hematocrit measurements and a base-
line.

[0050] The baseline parameters may be derived from
the treatment of a particular patient so that each estab-
lishes a custom individual baseline. Alternatively, pa-
tients can be classified and a baseline can be shared
among the patients in a respective class. The temporal
profile of viscosity/hematocrit over time may define a mul-
ti-dimensional feature space that can be applied to aclas-
sifier to diagnose various conditions including a pinched
line, hypovolemia, low HCT, high HCT, a disease, a cor-
rect or incorrect dialysate composition, and other condi-
tions. Generally, a classification is a problem in machine
learning and statistics that aims to classify an observation
as a member of a number of known classes. A classifier
may be trained given a set of known classes and a set
of observations with known class memberships. In em-
bodiments, the feature space may be augmented with
other inputs such as patient weight, measured HCT, car-
diac rate, blood oxygen level, respiration rate, galvanic
skin resistance, core temperature, skin temperature, pe-
ripheral temperature, measured patient activity level,
and/or other parameters. Measured patient activity level
may be detected by accelerometers or force sensors in
the patient’s bed or chair, a video stream classifier re-
ceiving input from a live view of the patient’s body, de-
tected Internet activity attributed to a patient’s Internet-
connected terminal, detected telephone usage, a classi-
fier receiving input from a live audio stream from a mi-
crophone in the vicinity of the patient, and/or other pa-
rameters.

[0051] Inthe above embodiments, a viscosity of a fluid
from a patient is monitored directly or indirectly over a
period of time during a treatment. All of the above em-
bodiments may be modified to monitor and use temper-
ature of the fluid in the same way. According to such
embodiments, temporal temperature profiles may be
stored as curves for each patient and compared to a cur-
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rent trend of temperature during a treatment. Other con-
ditions of the treatment such as the temperature of the
fluid going to the patient may also be combined with the
temperature of fluid being withdrawn from the patient
and/or with the fluid mass flow rate to generate a heat
loss or gain output to the fluid. These temperature-based
parameters may be used in the same way as discussed
with respect to viscosity to classify a condition of the treat-
ment or a condition of the patient. For example, a patient
with a fever may output more heat than a patient that is
afebrile.

[0052] In the above embodiments, a viscosity or tem-
perature of a fluid from a patient is monitored over a pe-
riod of time during a treatment. All of the above embod-
iments may be modified to monitor and use temperature
of the fluid, in the same way, in combination with the
viscosity. According to such embodiments, temporal
temperature profiles and viscosity profiles may be stored
as curves for each patient and compared to a current
trend of temperature and/or viscosity during a treatment.
Other conditions of the treatment such as the tempera-
ture and viscosity of the fluid going to the patient may
also be combined with the temperature and viscosity of
fluid being withdrawn from the patient and/or with the
fluid mass flow rate to generate a change in the respec-
tive parameter including heat loss or gain output to the
fluid. These combined parameters may be used in the
same way as discussed with respect to viscosity to clas-
sify a condition of the treatment or a condition of the pa-
tient. For example, a patient with a fever may output more
heat than a patient that is afebrile. By combining a clas-
sification signal indicating a fever with a classification sig-
nal indicating a change in viscosity, both generated rel-
ative to a baseline expectation, the classification esti-
mate’s reliability can be increased. For example, if both
temperature and viscosity tend to indicate an infection,
the classification by the controller of the existence of an
infection is more reliable.

[0053] In any of the embodiments above, the viscosity
and/or temperature flow to the patient, as well as return-
ing from the patient, may be monitored to determine a
change in the respective property which may be stored
in addition to the respective property or instead of the
respective property. The stored baseline data represent-
ing predicted parameters may be attended by, or re-
placed by, stored baseline data for prediction of the re-
spective change from patient-ingoing to patient-outgoing
fluid parameters.

[0054] The mapping of measured changes in viscosity,
along with other parameters, to conditions, may be gen-
erated using various methods including artificial intelli-
gence techniques. Examples include supervised and un-
supervised learning techniques to generate classifiers
including naive Bayesian classifiers, selforganizing
maps, and neural networks.
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Example Implementation

[0055] One example embodiment implements a
fill/drainline for PD or a blood line for extracorporeal blood
treatment. The example embodiment includes a 12 ft.
PD fill/drain line created from tubing - Teknor Apex MD-
50263 thermoplastic elastomer, 4.0 mm x 7.0 mm ID/OD.
In the example embodiment, non-contacting pressure
sensors are installed at the beginning and end of this line
to measure pressure drop and calculate viscosity from
the pressure drop and flow rate based on empirical or
theoretical data. In respective embodiments, the pres-
sure sensors may be located on either side of a flow
restrictor, which may be a length of the fill/drain line or
some flow restriction element in the fill/drain line.
[0056] In any of the foregoing embodiments, a treat-
ment system may be controlled to modify the rate of flow
of fluid, or to halt the flow of fluid for an interval, in order
to increase an effect such as heat transfer to the fluid or
the recruitment of viscosity changing elements into the
fluid from the patient’s body. This may increase the prop-
erty signal and make machine classification diagnosis
more reliable. In embodiments, the controller may first
make a classification based on unmodified flow rates or
flow regimens (e.g., in the absence of any halting of the
flow), and then in response to a weak diagnostic reliability
estimate of the classification, modify the rate of flow of
fluid or halt the flow of fluid for an interval, thereby en-
hancing the parameter change that is monitored.
[0057] In any of the foregoing embodiments, hemat-
ocrit can be measured directly using an optical sensor.
Optical sensor technologies capable of measuring the
volume concentration of red blood cells are known. For
example, they may employ optical coherence tomogra-
phy and may detect absolute magnitudes in a fluid line
carrying blood or changes in the body by means of a low-
penetration sensor applied to the skin. Such independent
indications of hematocrit level may be combined with
those described above calculated from viscosity or used
as an alternative thereto. The hematocrit may thus be
measured at the inlet and outlet of the treatment device
and an ultrafiltration rate may be calculated from these.
More traditional hematocrit measurement methods may
be employed as well, for example, automatically extract-
ing a small sample for centrifugation and measurement
of a packed cell volume therefrom.

[0058] In any of the foregoing embodiments, the per-
sonal profile data of a patient may be stored as a fit to
predictive model of a patient - treatment device system.
In such embodiments, the predictive model may be
adapted to account for the impact of the flow rate or ul-
trafiltration rate modification. The predictive model may
permit the estimation of an ideal ultrafiltration and flow
rate or any other treatment parameter. The predictive
model may receive, as parameters, additional data relat-
ing to the patient, such as weight, body mass index, sen-
sitivity to pyrogens, body fat, circulatory health, peritone-
um health or indicia such as PD treatment history, etc.
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These additional data may be parameters of the model
of the patient that are used to customize the model for
the patient, thereby improving the accuracy of classifica-
tion based on the model.

Fluid Sampling

[0059] Any of the foregoing embodiments may include
a mechanism for conditionally capturing fluid for further
testing in response to an estimation, during a treatment,
of a notable condition such as patient infection. Figs. 5
and 6 show embodiments of systems 300A and 300B,
respectively, that automatically divert a sample of fluid
responsively to an estimation signal indicating an existing
or possible condition of interest such as a patient infec-
tion. A treatment machine 300 may be a renal replace-
ment therapy machine such as a hemodialysis, a hemo-
filter, a peritoneal dialysis machine, or any other type of
machine for administration of medical treatments. Re-
spective fluid circuits 301 or 303 include one or more
lines including inlet and outlet lines 304 and 302, respec-
tively. The treatment machine may include sensors and
pumps (not shown) effective for providing and regulating
a flow of fluid such as blood or peritoneal dialysate
through the one or more lines. A flow diverter 306 is con-
trolled by the treatment machine 300 as indicated by a
dashed line 312. In the system 300A, a sample container
308 receives a sample of fluid in response to an estimate
of a condition by the treatment machine 300. For exam-
ple, the treatment machine (e.g., an internal controller on
the treatment machine) may detect an infection as dis-
cussed above in response to a viscosity or temperature
or other signals. In response, the flow diverter may be
activated to generate a sample of fluid which is stored in
the container 308. The flow diverter 306 may be com-
bined in embodiments with the container 308. For exam-
ple, the combination may be embodied in a syringe with
a passive seal that is opened when the syringe is acti-
vated to draw a sample. The fluid may be blood, spent
dialysate, or any other fluid described herein. In the sys-
tem of Fig. 300B, the sample container 318 that receives
the sample of fluid through a sample connection 316 is
part of a fluid pack 322 which may include fresh dialysate
concentrate or dry solute used for the preparation of di-
alysate 320.

[0060] Fig. 7A is a figurative illustration of the time-
variation of a parameter 398 related to (preferably pro-
portional) to viscosity of a spent peritoneal dialysate so-
lution during a drain cycle of a cycler assisted treatment
or other treatment. The parameter may be viscosity, pro-
portional to viscosity or otherwise depend on viscosity,
for example, pressure drop across a flow restriction. The
flow restriction and pressure sensors may be structurally
as identified with any of the disclosed embodiments, in-
cluding blood circuit embodiments. The time-resolved
signal may be samples from an A/D converter stored in
a controller. The samples may represent a moving aver-
age or raw samples. The parameter may be derived from
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pressure signals. The pressure signals may be low-pass
filtered (analog or digital). The parameter may be a sam-
ple or multiple samples at a predefined flow rate to min-
imize error when comparing samples taken at different
times over a course of adrain cycle of a peritoneal dialysis
treatment. The controller of the peritoneal dialysis cycler
may convert the samples to a statistic and apply the sta-
tistic to an algorithm that indicates a potential of an in-
fection. Examples of statistics may be the max value of
the parameter, the average, a max value of a moving
average defined by a selected averaging kernel, a meas-
ure of variability such as standard deviation or variance.
Other statistics may be generated as well.

[0061] Because of a lack of mixing of the contents of
the peritoneal cavity during the dwell phase, the viscosity
of the spent dialysate residing at different regions of the
peritoneal cavity such that as the spent dialysate is
pumped out, corresponding variations in the time-re-
solved viscosity may appear. Even where there is little
spatial variation in the viscosity of the spent fluid at the
time of or just before draining, the maximum value and
average statistics may reveal a magnitude of viscosity is
indicative of infection. Thus, a controller may store
threshold values for any of the statistics or others which
may be compared to the statistic derived from the time-
based parameter. A statistic whose value exceeds the
threshold may cause the controller to generate a signal
indicating a probability of an infection that is output by
the controller. Multiple thresholds may be defined each
corresponding to a probability as indicated by a table
stored in the controller.

[0062] Inresponse to the signal indicating a probability
of an infection, the controller may output instructions for
taking a sample of may automatically divert a sample to
a container as taught in the present disclosure. Any of
the other responses to a signal indicating a risk of infec-
tion discussed elsewhere herein may be taken by the
controller, including outputting a message on a display
of a user interface, storing an indication in a treatment
log, reporting the result to a remote physician via a text
message, email, telephone message or equivalent.
[0063] Fig. 7B is a figurative frequency domain signal
derived from the time variation of a parameter related to
(preferably proportional) to viscosity which may be based
on awindow function spanning seconds to minutes occur
over a course of a drain cycle of a peritoneal dialysis
treatment. The benefit of identifying a fluctuation in vis-
cosity that may be revealed by such a filter (PSD stands
for power spectral density in the figure), for example ob-
serving a peak 399 in a predefined frequency range, is
thatit can reveal inhomogeneous concentrations of thick-
er fluid or lumpiness in the spent peritoneal dialysate.
While a similar capability may be attributed to a statistic
based on the time-varying signal, such a filter may pro-
vide a more well-defined signature that is characteristic
of certain infections. Of course, a pressure difference sig-
nal can be bans pass or high pass filtered to obtain a
similar output.
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[0064] Fig. 8 shows a metric of a parameter related to
viscosity over multiple peritoneal dialysis treatments or
multiple cycles of a single peritoneal dialysis treatment.
Each bar 402, 404, 406 illustrates the value of the pa-
rameter, or a statistic thereof, for the given treatment of
multiple treatments or for the different drain cycle of a
single treatment. The controller may store these values
with respect to time in order to identify any remarkable
changes in the parameter in a given cycle relative to mul-
tiple cycles orfor a given treatment of multiple treatments.
The significant change (indicated by a change beyond a
predefined threshold stored by the controller) may be
used to identify a possible condition such as an infection
of the peritoneum. Here then, the relative value of the
parameter is the indicator rather than the absolute value
alone. The relative change detection may be combined
with the absolute value to provide an additional indicator.
For example the threshold for a relative change may de-
pend on the absolute magnitude of the parameter value.
[0065] In any of the foregoing and following embodi-
ments, where viscosity is identified as a parameter of
interest, the viscosity may be replaced by a parameter
that is related to it, for example proportional to viscosity
with corresponding adjustments to any related thresh-
olds. For example, rather than detecting viscosity, in any
embodiment, a pressure difference may be detected and
employed without further modification or reduction. It
should be readily apparent that such embodiments may
function in the same manner as described for embodi-
ments where viscosity is directly detected or derived from
asensor signal such as a pressure difference signal. Also
in any embodiment, the parameter may be compared to
predefined thresholds for a given flow rate or normalized
against flow rate.

[0066] According to embodiments, the disclosed sub-
ject matter includes a fluid treatment system with a ma-
chine that has one or more pumps and a controller. The
machine may include further actuators and sensors and
may be adapted for administration of a medical treat-
ment. A fluid circuit is in engagement with the one or
more pumps and having inlet and outlet lines for convey-
ing a fluid to and from a patient respectively. A viscosity
sensor is present in at least the outlet line. The viscosity
sensor generates a viscosity signal indicative of viscosity
of fluid in the at least the outlet line. The controller is
programmed to sample, at multiple times, the viscosity
signal and store parameter data responsive thereto. The
controller is further programmed to control the flow of
fluid in the inlet and outlet lines responsively to the stored
parameter data.

[0067] The embodiments further include variations of
the foregoing embodiments in which the viscosity sensor
in at least the outlet line is a viscosity sensor in the inlet
and outlet lines. The embodiments further include varia-
tions of the foregoing embodiments in which the inlet line
and outletlines are blood lines. The embodiments further
include variations of the foregoing embodiments in which
theinletline and outletlines are peritoneal dialysate lines.
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The embodiments further include variations of the fore-
going embodiments in which the inlet and outlet lines are
blood lines connected to an inlet and outlet, respectively,
of a treatment device.

[0068] The embodiments further include variations of
the foregoing embodiments in which the machine is
adapted to control a balance of fluid the patient by reg-
ulating a ratio of total volume of fluid removed from the
patient to total volume supplied to the patient.

[0069] The embodiments further include variations of
the foregoing embodiments in which the controller is pro-
grammed to estimate the ratio. The embodiments further
include variations of the foregoing embodiments in which
the controller is further programmed to estimate the ratio
from the stored parameter data.

[0070] The embodiments further include variations of
the foregoing embodiments in which the controller is fur-
ther programmed to estimate the ratio independently of
the stored parameter data. The embodiments further in-
clude variations of the foregoing embodiments in which
the controller is further programmed to estimate the ratio
from a signal indicating a pump speed, a fluid weight, a
flow rate, or a fluid volume. The embodiments further
include variations of the foregoing embodiments in which
the controller calculates a patient fluid volume or rate of
fluid volume loss from the parameter data.

[0071] The embodiments further include variations of
the foregoing embodiments in which the controller cal-
culates the patient fluid volume or rate of fluid volume
loss from the parameter data, where the parameter data
includes data responsive to viscosity and a predefined
relationship between hematocrit and viscosity wherein
the relationship is derived from historical data for the spe-
cific patient.

[0072] The embodiments further include variations of
the foregoing embodiments in which the controller cal-
culates a rate of fluid volume loss from the parameter
data, the parameter data including hematocrit of blood
entering and leaving the treatment device.

[0073] The embodiments further include variations of
the foregoing embodiments in which the controller stores
a function of hematocrit vs. viscosity and calculates he-
matocrit responsively to the function. The embodiments
further include variations of the foregoing embodiments
in which the function is a lookup table. The embodiments
further include variations of the foregoing embodiments
in which the viscosity sensors include pressure sensors
upstream and downstream of a flow restriction. The em-
bodiments further include variations of the foregoing em-
bodiments in which the stored parameter is stored over
multiple treatments for the patient to generate an histor-
ical record for the patient.

[0074] The embodiments further include variations of
the foregoing embodiments in which the stored param-
eter over the multiple times is effective to indicate a trend
over a course of treatment, the trend being stored over
multiple treatments for the patient to generate an histor-
ical record of trends for the patient.
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[0075] The embodiments further include variations of
the foregoing embodiments in which the trends are stored
as an average or a curve fitto viscosity over time to define
a baseline trend which is compared by the controller to
a current trend, and a result of the comparison output as
a signal. The embodiments further include variations of
the foregoing embodiments in which the controller is con-
figured to output the parameter data to a treatment log.
The embodiments further include variations of the fore-
going embodiments in which the pressure sensors in-
clude pressure pods.

[0076] The embodiments further include variations of
the foregoing embodiments in which the flow restriction
is a length of tubing. The embodiments further include
variations of the foregoing embodiments in which the vis-
cosity sensor draws a sample of fluid from the fluid circuit
and applies the sample to a viscometer. The embodi-
ments further include variations of the foregoing embod-
iments in which the viscosity sensor draws a sample pe-
riodically throughout a treatment.

[0077] According to another main embodiment, the
disclosed subject matter includes a fluid treatment sys-
tem with a machine that has one or more pumps and a
controller. A fluid circuit is in engagement with the one
or more pumps and having inlet and outlet lines for con-
veying a fluid to and from a patient respectively. One or
more fluid parameter sensors is present, at least one of
which is in at least the outlet line. The one or more fluid
property sensors generates a fluid property signal indic-
ative of one or more properties of fluid in the at least the
outlet line. The controller is programmed to sample, at
multiple times, the fluid property signal and store param-
eterdataresponsive thereto. The controller is further pro-
grammed to one of, responsively to the stored parameter
data, control the flow of fluid in the inlet and outlet lines
or output an estimation of a condition of the machine or
the patient and output data responsive to the estimation.
[0078] The embodiments further include variations of
the foregoing embodiments in which the one or more fluid
parameter sensors includes viscosity sensors in the inlet
and outlet lines. The embodiments further include varia-
tions of the foregoing embodiments in which the inlet line
and outletlines are blood lines. The embodiments further
include variations of the foregoing embodiments in which
theinletline and outletlines are peritoneal dialysate lines.
[0079] The embodiments further include variations of
the foregoing embodiments in which the inlet and outlet
lines are blood lines connected to an inlet and outlet,
respectively, of a treatment device. The embodiments
further include variations of the foregoing embodiments
in which the machine is adapted to control a balance of
fluid the patient by regulating a ratio of total volume of
fluid removed from the patient to total volume supplied
to the patient.

[0080] The embodiments further include variations of
the foregoing embodiments in which the controller is pro-
grammed to estimate the ratio independently of the pa-
rameter data. The embodiments further include varia-
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tions of the foregoing embodiments in which the control-
ler is further programmed to estimate the ratio from the
stored parameter data. The embodiments further include
variations of the foregoing embodiments in which the
controller is further programmed to estimate the ratio in-
dependently of the stored parameter data.

[0081] The embodiments further include variations of
the foregoing embodiments in which the controller is fur-
ther programmed to estimate the ratio from a signal in-
dicating a pump speed, a fluid weight, a flow rate, or a
fluid volume. The embodiments further include variations
of the foregoing embodiments in which the controller cal-
culates a rate of fluid volume loss from the parameter
data.

[0082] The embodiments further include variations of
the foregoing embodiments in which the controller cal-
culates the patient fluid volume or rate of fluid volume
loss from the parameter data, where the parameter data
includes data responsive to viscosity and a predefined
relationship between hematocrit and viscosity wherein
the relationship is derived from historical data for the spe-
cific patient.

[0083] The embodiments further include variations of
the foregoing embodiments in which the controller stores
a function of hematocrit vs. viscosity and calculates he-
matocrit responsively to the function. The embodiments
further include variations of the foregoing embodiments
in which the function is a lookup table. The embodiments
further include variations of the foregoing embodiments
in which the viscosity sensors include pressure sensors
upstream and downstream of a flow restriction.

[0084] The embodiments further include variations of
the foregoing embodiments in which the stored param-
eter is stored over multiple treatments for the patient to
generate an historical record for the patient. The embod-
iments further include variations of the foregoing embod-
iments in which the stored parameter over the multiple
times is effective to indicate a trend over a course of
treatment, the trend being stored over multiple treat-
ments for the patient to generate an historical record of
trends for the patient.

[0085] The embodiments further include variations of
the foregoing embodiments in which the trends are stored
as an average or a curve fit to viscosity over time to define
a baseline trend which is compared by the controller to
a current trend. The embodiments further include varia-
tions of the foregoing embodiments in which the control-
ler is configured to output the parameter data to a treat-
ment log.

[0086] The embodiments further include variations of
the foregoing embodiments in which the one or more fluid
parameter sensors include atemperature sensor, a blood
oximeter, an optical hematocrit sensor, a scale adapted
for measuring the patient’s weight, patient heart rate, gal-
vanic skin resistance, and audio and/or video of a treat-
ment area. The embodiments further include variations
of the foregoing embodiments in which the controller is
programmed to implement a classifier whose inputs in-
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clude the fluid parameter signal and whose output is ap-
plied by the controller for display, control, or treatment
log.

[0087] The embodiments further include variations of
the foregoing embodiments in which the controller is pro-
grammed to implement a classifier whose inputs include
the fluid parameter signal and whose output includes a
signal indicating at least one of: a diagnosis including a
patient infection and the patient’'s excess fluid level or
weight above dry weight.

[0088] The embodiments further include variations of
the foregoing embodiments in which the controller is pro-
grammed to automatically change or halt an ultrafiltration
rate and record a series of the parameter data corre-
sponding indicating a change in the fluid property over
time. The embodiments further include variations of the
foregoing embodiments in which the fluid circuitis a blood
circuit and the series of parameter data indicates a
change in fluid volume of blood.

[0089] The embodiments further include variations of
the foregoing embodiments in which the controller is pro-
grammed to automatically change or halt an ultrafiltration
rate and record a series of the parameter data corre-
sponding indicating a change in the fluid property over
one or more periods of time covering periods of different
ultrafiltration rates. The embodiments further include var-
iations of the foregoing embodiments in which the fluid
circuit is a blood circuit and the series of parameter data
indicates a change in fluid volume of blood.

[0090] According to yet another main embodiment, the
disclosed subject matter includes a fluid treatment meth-
od, notforming part of the invention claimed, thatincludes
pumping fluid through a fluid circuit, the pumping con-
veying fluid to and from a patient for a medical treatment.
The method includes detecting viscosity of the fluid from
the patient. The method further includes sampling the
viscosity detected in the detecting, at multiple times dur-
ing a treatment, and storing parameter data responsive
to viscosity samples resulting therefrom and controlling
a flow of fluid in the fluid circuit responsively to the stored
parameter data.

[0091] The embodiments further include variations of
the foregoing embodiments in which the detecting in-
cludes detecting viscosity in fluid from the patient and
fluid returned to the patient. The embodiments further
include variations of the foregoing embodiments in which
the fluid from the patient is blood.

[0092] The embodiments further include variations of
the foregoing embodiments in which the fluid from the
patient is spent peritoneal dialysate. The embodiments
further include variations of the foregoing embodiments
in which the fluid circuit conveys the fluid to a treatment
device and returns it to the patient. The embodiments
further include variations of the foregoing embodiments
that include controlling a balance of fluid the patient by
regulating a ratio of total volume of fluid removed from
the patient to total volume supplied to the patient.
[0093] The embodiments further include variations of
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the foregoing embodiments that include estimating the
ratio using a controller that controls the pumping. The
embodiments further include variations of the foregoing
embodiments that include using the controller estimating
the ratio from the stored parameter data.

[0094] The embodiments further include variations of
the foregoing embodiments that include using the con-
troller estimating the ratio independently of the stored
parameter data. The embodiments further include vari-
ations of the foregoing embodiments that include the con-
troller to estimate the ratio from a signal indicating a pump
speed, a fluid weight, a flow rate, or a fluid volume.
[0095] The embodiments further include variations of
the foregoing embodiments that include, using the con-
troller, calculating a rate of fluid volume loss from the
parameter data. The embodiments further include vari-
ations of the foregoing embodiments that include, using
the controller, calculating a rate of fluid volume loss from
the parameter data, the parameter data including hema-
tocrit of blood entering and leaving the treatment device.
[0096] The embodiments further include variations of
the foregoing embodiments that include, using the con-
troller, storing a function of hematocrit vs. viscosity and
calculating hematocrit responsively to the function. The
embodiments further include variations of the foregoing
embodiments in which the function is a lookup table. The
embodiments further include variations of the foregoing
embodiments in which the detecting viscosity includes
detecting pressure upstream and downstream of a flow
restriction in the fluid circuit.

[0097] The embodiments further include variations of
the foregoing embodiments in which the detecting vis-
cosity includes detecting pressure upstream and down-
stream of a flow restriction in the fluid circuit. The em-
bodiments further include variations of the foregoing em-
bodiments in which the storing parameter data includes
storing parameter data over multiple treatments for the
patient to generate an historical record for the patient.
[0098] The embodiments further include variations of
the foregoing embodiments in which the stored param-
eter is effective to indicate a trend over a course of treat-
ment, the trend being stored over multiple treatments for
the patient to generate an historical record of trends for
the patient.

[0099] The embodiments further include variations of
the foregoing embodiments in which the trends are stored
as an average or a curve fit to viscosity over time to define
a baseline trend which is compared by the controller to
a current trend. The embodiments further include varia-
tions of the foregoing embodiments in which the control-
ler is configured to output the parameter data to a treat-
ment log. The embodiments further include variations of
the foregoing embodiments in which the detecting pres-
sure includes detecting pressure using a pressure pod.
[0100] The embodiments further include variations of
the foregoing embodiments in which the flow restriction
includes a length of tubing. The embodiments further in-
clude variations of the foregoing embodiments in which
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the detecting viscosity includes drawing a sample of fluid
from the fluid circuit and applying the sample to a vis-
cometer. The embodiments further include variations of
the foregoing embodiments in which the detecting vis-
cosity includes drawing a sample atregular intervals from
the fluid circuit and applying the sample to a viscometer.
[0101] According to yet another embodiment, the dis-
closed subject matter includes a fluid treatment method,
not forming part of the claimed subject-matter, that in-
cludes pumping fluid through a fluid circuit, the pumping
conveying fluid to and from a patient for a medical treat-
ment. The method further includes detecting one or more
fluid properties of the fluid from a patient to generate a
fluid property signal. The method further includes using
a controller, sampling automatically at multiple times dur-
ing a treatment, the fluid property signal and storing pa-
rameter data responsive thereto. The method further in-
cludes using the controller, responsively to the stored
parameter data, controlling the flow of fluid in the inlet
and outlet lines and outputting an estimation of a condi-
tion of the machine or the patient and output data respon-
sive to the estimation.

[0102] The embodiments further include variations of
the foregoing embodiments in which the one or more fluid
parameters includes viscosity. The embodiments further
include variations of the foregoing embodiments in which
the fluid circuit includes blood lines and he fluid from the
patient is blood. The embodiments further include varia-
tions of the foregoing embodiments in which the fluid from
the patient is spent peritoneal dialysate.

[0103] The embodiments further include variations of
the foregoing embodiments in which the fluid circuit con-
veys the fluid to a treatment device and returns it to the
patient. The embodiments further include variations of
the foregoing embodiments thatinclude, controlling a bal-
ance of fluid the patient by regulating a ratio of total vol-
ume of fluid removed from the patient to total volume
supplied to the patient.

[0104] The embodiments further include variations of
the foregoing embodiments that include, estimating the
ratio using a controller that controls the pumping. The
embodiments further include variations of the foregoing
embodiments thatinclude, using the controller estimating
the ratio from the stored parameter data. The embodi-
ments further include variations of the foregoing embod-
iments that include, using the controller estimating the
ratio independently of the stored parameter data.
[0105] The embodiments further include variations of
the foregoing embodiments that include, the controller to
estimate the ratio from a signal indicating a pump speed,
a fluid weight, a flow rate, or a fluid volume. The embod-
iments further include variations of the foregoing embod-
iments thatinclude, using the controller, calculating arate
of fluid volume loss from the parameter data. The em-
bodiments further include variations of the foregoing em-
bodiments that include, using the controller, calculating
a rate of fluid volume loss from the parameter data, the
parameter data including hematocrit of blood entering
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and leaving the treatment device. The embodiments fur-
ther include variations of the foregoing embodiments that
include, using the controller, storing a function of hema-
tocrit vs. viscosity and calculating hematocrit responsive-
ly to the function.

[0106] The embodiments further include variations of
the foregoing embodiments in which the function is a
lookup table. The embodiments further include variations
of the foregoing embodiments in which the detecting vis-
cosity includes detecting pressure upstream and down-
stream of a flow restriction in the fluid circuit.

[0107] The embodiments further include variations of
the foregoing embodiments in which the detecting vis-
cosity includes detecting pressure upstream and down-
stream of a flow restriction in the fluid circuit. The em-
bodiments further include variations of the foregoing em-
bodiments in which the storing parameter data includes
storing parameter data over multiple treatments for the
patient to generate an historical record for the patient.
The embodiments further include variations of the fore-
going embodiments in which the stored parameter is ef-
fective to indicate a trend over a course of treatment, the
trend being stored over multiple treatments for the patient
to generate an historical record of trends for the patient.
[0108] The embodiments further include variations of
the foregoing embodiments in which the trends are stored
as an average or a curve fit to viscosity over time to define
a baseline trend which is compared by the controller to
a current trend. The embodiments further include varia-
tions of the foregoing embodiments in which the control-
ler is configured to output the parameter data to a treat-
ment log. The embodiments further include variations of
the foregoing embodiments in which the detecting pres-
sure includes detecting pressure using a pressure pod.
[0109] The embodiments further include variations of
the foregoing embodiments in which the flow restriction
includes a length of tubing. The embodiments further in-
clude variations of the foregoing embodiments in which
the detecting viscosity includes drawing a sample of fluid
from the fluid circuit and applying the sample to a vis-
cometer.

[0110] The embodiments further include variations of
the foregoing embodiments in which the detecting vis-
cosity includes drawing a sample at regular intervals from
the fluid circuit and applying the sample to a viscometer.
[0111] According to embodiments, the disclosed sub-
ject matter further includes a fluid treatment system with
a fluid circuit having a control unit and a fluid line adapted
for connection to a patientaccess. Firstand second pres-
sure sensors are positioned along a flow path on either
side of a flow restriction. The control unit is connected to
receive samples of first and second pressure signals,
respectively, from the first and second pressure sensors.
The control unit is programmed to store the samples to
generate atleastone dynamic parameter associated with
a property of a fluid flowing in the fluid line through the
flow restriction. The samples being received and param-
eter data responsive thereto stored, during a treatment,
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the at least one dynamic parameter being generated re-
sponsively to the parameter data. The control unit has a
data store that stores at least one predicted parameter
that corresponds to an acceptable range of the dynamic
parameter. The control unit programmed further to clas-
sify at least one condition of a current treatment or at
least one condition of a current patient responsively to
said at least one dynamic parameter and said at least
one predicted parameter.

[0112] The embodiments further include variations of
the foregoing embodiments in which the at least one dy-
namic parameter includes a curve-fit to a time series ob-
tained from the samples and the predicted parameter
includes a definition of a curve, the control unit comparing
the definition with the curve-fit to classify the at least one
condition. The embodiments further include variations of
the foregoing embodiments in which the at least one
stored parameter includes a curve-fit to a time series ob-
tained from the samples from prior treatments.

[0113] The embodiments further include variations of
the foregoing embodiments in which the at least one
stored parameter includes a curve-fit to a time series ob-
tained from the samples from prior treatments of a unique
patient. The embodiments further include variations of
the foregoing embodiments in which the at least one
stored parameter includes a curve-fit to a time series ob-
tained from the samples from prior treatments.

[0114] The embodiments further include variations of
the foregoing embodiments in which the at least one
stored parameter includes a curve-fit to a time series ob-
tained from the samples from prior treatments of a unique
patient. The embodiments further include variations of
the foregoing embodiments in which the at least one
stored parameter includes a curve-fit to a time series ob-
tained from the samples from prior peritoneal dialysis
treatments of a unique class of patients. The embodi-
ments further include variations of the foregoing embod-
iments in which the at least one stored parameter in-
cludes a curve-fit to a time series obtained from the sam-
ples from prior peritoneal dialysis treatments of multiple
patients.

[0115] The embodiments further include variations of
the foregoing embodiments in which the at least one
stored parameter includes a patient model. The embod-
iments further include variations of the foregoing embod-
iments in which the at least one stored parameter in-
cludes a patient model, the patient model including pa-
rameters of an individual patient. The embodiments fur-
ther include variations of the foregoing embodiments in
which the parameters of an individual patientinclude met-
rics related to obesity.

[0116] The embodiments further include variations of
the foregoing embodiments in which the parameters of
an individual patient include metrics related to a rate of
recruitment of factors that affect patient temperature,
heat, and viscosity of a fluid from the patient’s body.
[0117] According to further embodiments, the dis-
closed subject matter includes a blood treatment system



29 EP 3 506 962 B1 30

with a blood circuit. The system has a control unit and a
blood line adapted for connection to a patient access.
First and second pressure sensors are positioned along
aflow path on either side of a flow restriction. The control
unit is connected to receive samples of first and second
pressure signals, respectively, from the first and second
pressure sensors. The control unit is programmed to
store the samples to generate at least one dynamic pa-
rameter associated with a property of a blood flowing in
the blood line through the flow restriction. The samples
are received and stored, during a treatment, the at least
one dynamic parameter being generated responsively to
multiple ones of the samples. The control unit has a data
store that stores at least one predicted parameter that
corresponds to an acceptable range of the dynamic pa-
rameter. The control unit is programmed further to clas-
sify at least one condition of a current treatment or at
least one condition of a current patient responsively to
the at least one dynamic parameter and the at least one
predicted parameter.

[0118] The embodiments further include variations of
the foregoing embodiments in which the at least one dy-
namic parameter includes a curve-fit to a time series ob-
tained from the samples and the predicted parameter
includes a definition of a curve, the control unit comparing
the definition with the curve-fit to classify the at least one
condition.

[0119] The embodiments further include variations of
the foregoing embodiments in which the at least one
stored parameter includes a curve-fit to a time series ob-
tained from the samples from prior treatments. The em-
bodiments further include variations of the foregoing em-
bodiments in which the at least one stored parameter
includes a curve-fit to a time series obtained from the
samples from prior treatments of a unique patient. The
embodiments further include variations of the foregoing
embodiments in which the at least one stored parameter
includes a curve-fit to a time series obtained from the
samples from prior treatments.

[0120] The embodiments further include variations of
the foregoing embodiments in which the at least one
stored parameter includes a curve-fit to a time series ob-
tained from the samples from prior treatments of a unique
patient. The embodiments further include variations of
the foregoing embodiments in which the at least one
stored parameter includes a patient model. The embod-
iments further include variations of the foregoing embod-
iments in which the at least one stored parameter in-
cludes a patient model, the patient model including pa-
rameters of an individual patient.

[0121] The embodiments further include variations of
the foregoing embodiments in which the parameters of
an individual patient include metrics related to obesity.
The embodiments further include variations of the fore-
going embodiments in which the parameters of an indi-
vidual patient include metrics related to a rate of recruit-
ment of factors that affect patient temperature, heat, and
viscosity of a blood from the patient’s body.
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[0122] According to further embodiments, the dis-
closed subject matter includes a method of treating a
patient using a fluid treatment system, said method not
forming part of the claimed invention. The method in-
cludes using a fluid circuit with a control unit and a fluid
line adapted for connection to a patient access. The fluid
circuit has first and second pressure sensors positioned
along a flow path on either side of a flow restriction. The
control unit is connected to receive samples of first and
second pressure signals, respectively, from the first and
second pressure sensors. The method further includes
using the control unit, storing the samples to generate at
least one dynamic parameter, associated with a property
of a fluid flowing in the fluid line through the flow restric-
tion. The method further includes receiving the samples
being received and stored, during atreatment, the atleast
one dynamic parameter being generated responsively to
multiple ones of the samples. The method further in-
cludes using the control unit, storing at least one predict-
ed parameter that corresponds to an acceptable range
of the dynamic parameter in a data store of the control
unit. The method further includes using the control unit,
classifying at least one condition of a current treatment
or at least one condition of a current patient responsively
to the at least one dynamic parameter and the at least
one predicted parameter.

[0123] The embodiments further include variations of
the foregoing embodiments in which the at least one dy-
namic parameter includes a curve-fit to a time series ob-
tained from the samples and the predicted parameter
includes a definition of a curve, the control unit comparing
the definition with the curve-fit to classify the at least one
condition.

[0124] The embodiments further include variations of
the foregoing embodiments in which the at least one
stored parameter includes a curve-fit to a time series ob-
tained from the samples from prior treatments. The em-
bodiments further include variations of the foregoing em-
bodiments in which the at least one stored parameter
includes a curve-fit to a time series obtained from the
samples from prior treatments of a unique patient. The
embodiments further include variations of the foregoing
embodiments in which the at least one stored parameter
includes a curve-fit to a time series obtained from the
samples from prior treatments.

[0125] The embodiments further include variations of
the foregoing embodiments in which the at least one
stored parameter includes a curve-fit to a time series ob-
tained from the samples from prior treatments of a unique
patient. The embodiments further include variations of
the foregoing embodiments in which the at least one
stored parameter includes a curve-fit to a time series ob-
tained from the samples from prior peritoneal dialysis
treatments of a unique class of patients.

[0126] The embodiments further include variations of
the foregoing embodiments in which the at least one
stored parameter includes a curve-fit to a time series ob-
tained from the samples from prior peritoneal dialysis
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treatments of multiple patients. The embodiments further
include variations of the foregoing embodiments in which
the atleast one stored parameter includes a patient mod-
el.

[0127] The embodiments further include variations of
the foregoing embodiments in which the at least one
stored parameter includes a patient model, the patient
model including parameters of an individual patient. The
embodiments further include variations of the foregoing
embodiments in which the parameters of an individual
patient include metrics related to obesity.

[0128] The embodiments further include variations of
the foregoing embodiments in which the parameters of
an individual patient include metrics related to a rate of
recruitment of factors that affect patient temperature,
heat, and viscosity of a fluid from the patient’s body. The
embodiments further include variations of any of the fore-
going systems or methods where a patient condition is
estimated by the controller responsively to a combination
of two or more of heart rate, hematocrit, blood oxygen,
patient weight, galvanic skin resistance, blood or spent
peritoneal dialysate viscosity, and blood temperature, as
detected by a respective sensor and applied to the con-
troller and a responsive signal generated by the control-
ler.

[0129] The embodiments further include variations of
the foregoing embodiments in which the controller is pro-
grammed to implement a classifier to estimate the con-
dition where the classifier has inputs include the combi-
nation and outputs the responsive signal for display, con-
trol, or treatment logging. The embodiments further in-
clude variations of the foregoing embodiments in which
the condition includes an infection of the patient.

[0130] Further embodiments include any of the follow-
ing claims that recite a viscosity-dependent parameter,
where the viscosity-dependent parameter includes a
pressure drop indicated by detecting the pressure differ-
ent across a blood circuit element.

[0131] Itwill be appreciated thatthe modules, process-
es, systems, and sections described above can be im-
plemented in hardware, hardware programmed by soft-
ware, software instruction stored on a non-transitory
computer readable medium or a combination of the
above. For example, a method for determining a patient
or treatment condition can be implemented, for example,
using a processor configured to execute a sequence of
programmed instructions stored on a non-transitory com-
puter readable medium. For example, the processor can
include, but not be limited to, a personal computer or
workstation or other such computing system thatincludes
a processor, microprocessor, microcontroller device, or
is comprised of control logic including integrated circuits
such as, for example, an Application Specific Integrated
Circuit (ASIC). The instructions can be compiled from
source code instructions provided in accordance with a
programming language such as Java, C++, C#, .net, or
the like. The instructions can also comprise code and
data objects provided in accordance with, for example,
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the Visual Basic™ language, LabVIEW, or another struc-
tured or object-oriented programming language. The se-
quence of programmed instructions and data associated
therewith can be stored in a non-transitory computer-
readable medium such as a computer memory or storage
device which may be any suitable memory apparatus,
such as, but not limited to, read-only memory (ROM),
programmable read-only memory (PROM), electrically
erasable programmable read-only memory (EEPROM),
random-access memory (RAM), flash memory, disk
drive, and the like.

[0132] Furthermore, the modules, processes, sys-
tems, and sections can be implemented as a single proc-
essor or as a distributed processor. Further, it should be
appreciated that the steps mentioned above may be per-
formed on a single or distributed processor (single and/or
multi-core). Also, the processes, modules, and sub-mod-
ules described in the various figures of and for embodi-
ments above may be distributed across multiple comput-
ers or systems or may be co-located in a single processor
or system. Exemplary structural embodiment alterna-
tives suitable for implementing the modules, sections,
systems, means, or processes described herein are pro-
vided below.

[0133] The modules, processors or systems described
above can be implemented as a programmed general
purpose computer, an electronic device programmed
with microcode, a hard-wired analog logic circuit, soft-
ware stored on a computer-readable medium or signal,
an optical computing device, a networked system of elec-
tronic and/or optical devices, a special purpose comput-
ing device, an integrated circuit device, a semiconductor
chip, and a software module or object stored on a com-
puter-readable medium or signal, for example.

[0134] Embodiments of the method and system (or
their sub-components or modules), may be implemented
on a general-purpose computer, a special-purpose com-
puter, a programmed microprocessor or microcontroller
and peripheralintegrated circuit element, an ASIC or oth-
er integrated circuit, a digital signal processor, a hard-
wired electronic orlogic circuit such as a discrete element
circuit, a programmed logic circuit such as a program-
mable logic device (PLD), a programmable logic array
(PLA), a field-programmable gate array (FPGA), a pro-
grammable array logic (PAL) device, or the like. In gen-
eral, any process capable of implementing the functions
or steps described herein can be used to implement em-
bodiments of a method, a system, ora computer program
product (software program stored on a non-transitory
computer readable medium).

[0135] Furthermore, embodiments of the disclosed
method, system, and computer program product may be
readily implemented, fully or partially, in software using,
for example, object or object-oriented software develop-
ment environments that provide portable source code
that can be used on a variety of computer platforms. Al-
ternatively, embodiments of the disclosed method, sys-
tem, and computer program product can be implemented
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partially or fully in hardware using, for example, standard
logic circuits or a very-large-scale integration (VLSI) de-
sign. Other hardware or software can be used to imple-
ment embodiments depending on the speed and/or effi-
ciency requirements of the systems, the particular func-
tion, and/or particular software or hardware system, mi-
croprocessor, or microcomputer being utilized. Embodi-
ments of the method, system, and computer program
product can be implemented in hardware and/or software
using any known or later developed systems or struc-
tures, devices and/or software by those of ordinary skill
in the applicable art from the function description provid-
ed herein and with a general basic knowledge of control
and measurement systems, machine-assisted diagno-
sis, and/or computer programming arts.

[0136] Moreover, embodiments of the disclosed meth-
od, system, and computer program product can be im-
plemented in software executed on a programmed gen-
eral-purpose computer, a special purpose computer, a
microprocessor, or the like.

[0137] The foregoing descriptions apply, in some cas-
es, to examples generated in a laboratory, but these ex-
amples can be extended to production techniques. For
example, where quantities and techniques apply to the
laboratory examples, they should not be understood as
limiting.

[0138] Fig. 9 is a block diagram of an example com-
puter system 1000 according to an embodiment. In var-
ious embodiments, all or parts of system 1000 may be
included in a medical treatment device/system such as
a renal replacement therapy system. In these embodi-
ments, all or parts of system 1000 may provide the func-
tionality of a controller of the medical treatment de-
vice/systems. In some embodiments, all or parts of sys-
tem 1000 may be implemented as a distributed system,
for example, as a cloud-based system.

[0139] System 1000 includes a computer 1002 such
as a personal computer or workstation or other such com-
puting system that includes a processor 1006. However,
alternative embodiments may implement more than one
processor and/or one or more microprocessors, micro-
controller devices, or control logic including integrated
circuits such as ASIC.

[0140] Computer 1002 furtherincludes a bus 1004 that
provides communication functionality among various
modules of computer 1002. For example, bus 1004 may
allow for communicating information/data between proc-
essor 1006 and a memory 1008 of computer 1002 so
that processor 1006 may retrieve stored data from mem-
ory 1008 and/or execute instructions stored on memory
1008. In embodiments, such instructions may be com-
piled from source code/objects provided in accordance
with a programming language such as Java, C++, C#,
.net, Visual Basic™, LabVIEW, or another structured or
object-oriented programming language. In embodi-
ments, the instructions include software modules that,
when executed by processor 1006, provide renal re-
placement therapy functionality according to any of the
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embodiments disclosed herein.

[0141] Memory 1008 may include any volatile or non-
volatile computer-readable memory that can be read by
computer 1002. For example, memory 1008 may include
a non-transitory computer-readable medium such as
ROM, PROM, EEPROM, RAM, flash memory, disk drive,
etc. Memory 1008 may be a removable or non-removable
medium.

[0142] Bus 1004 may further allow for communication
between computer 1002 and a display 1018, a keyboard
1020, a mouse 1022, and a speaker 1024, each providing
respective functionality in accordance with various em-
bodiments disclosed herein, for example, for configuring
a treatment for a patient and monitoring a patient during
a treatment.

[0143] Computer 1002 may also implement a commu-
nication interface 1010 to communicate with a network
1012 to provide any functionality disclosed herein, for
example, for alerting a healthcare professional and/or
receiving instructions from a healthcare professional, re-
porting patient/device conditions in a distributed system
for training a machine learning algorithm, logging data to
a remote repository, etc. Communication interface 1010
may be any such interface known in the art to provide
wireless and/or wired communication, such as a network
card or a modem.

[0144] Bus 1004 may further allow for communication
with a sensor 1014 and/or an actuator 1016, each pro-
viding respective functionality in accordance with various
embodiments disclosed herein, for example, for meas-
uring signals indicative of a patient /device condition and
for controlling the operation of the device accordingly.
Forexample, sensor 1014 may provide a signal indicative
of a viscosity of a fluid in a fluid circuit in a renal replace-
ment therapy device, and actuator 1016 may operate a
pump that controls the flow of the fluid responsively to
the signals of sensor 1014.

[0145] It is, thus, apparent that there is provided, in
accordance with the present disclosure, diagnosis based
on viscosity changes in treatment systems. Many alter-
natives, modifications, and variations are enabled by the
present disclosure. Furthermore, certain features may
sometimes be used to advantage without a correspond-
ing use of other features. Accordingly, Applicants intend
to embrace all such alternatives, modifications and var-
iations that are within the scope of the present invention,
defined by the appended claims.

Claims
1. A blood treatment system (100, 136), comprising:

a machine (104, 300) comprising one or more
pumps (102, 132, 133);

a blood circuit (101, 141, 301, 303) in engage-
ment with the one or more pumps (102, 132,
133) and having an inlet line (142, 304) and an
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outlet line (140, 302) for conveying blood to and
from a patient (122), respectively;

at least two pressure sensors (108, 109, 110,
111, 144, 148) in at least one of the inlet line or
the outlet line; and

a controller (116) configured to control the one
or more pumps (102, 132, 133) to convey blood
to and from the patient (122), the controller (116)
further configured to use readings of the at least
two pressure sensors (108, 109, 110, 111, 144,
148, 504, 506) to determine a change over time
(398) in a pressure drop across a flow restriction
(107, 146, 510) in the blood circuit (101, 141)
and perform a function responsive to the change
in the pressure drop, the function comprising at
least one of:

generating a notification, adjusting a blood
flow rate in the blood circuit, outputting an
estimation of a condition of the machine or
the patient, or outputting data responsive to
said estimation,

characterized in that the controller (116)
is configured to sample the pressure drop
at multiple times over a period of time com-
prising a single treatment or multiple treat-
ments and store data responsive thereto,
wherein the change in the pressure drop is
determined based on a trend over time of
the stored data.

The system of claim 1, wherein the controller (116),
responsively to said trend, is configured to generate
a user notification, caution, or alarm, indicating that
the trend is exceeding a limit.

The system of claim 1, wherein the inlet line com-
prises an arterial line (142) and the outlet line com-
prises a venous line (141).

The system of claim 1, wherein the inlet line (142,
304) and the outlet line (141, 302) are connected to
an inlet and an outlet, respectively, of a treatment
device (130) configured to treat blood.

The system of claim 1, wherein the machine (104,
300) is adapted to control a balance of fluid in the
patient by regulating a ratio of a total volume of fluid
removed from the patient to a total volume of fluid
supplied to the patient.

The system of claim 5, wherein the controller (116)
is programmed to estimate said ratio from said stored
data.

The system of claim 5, wherein the controller (116)
is programmed to estimate said ratio independently
of said stored data by using a signal indicating a
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pump speed, a fluid weight, a flow rate, or a fluid
volume.

The system of claim 1, wherein the controller (116)
calculates a patient fluid volume or a rate of fluid
volume loss from said stored data.

The system of claim 8, wherein a relationship be-
tween viscosity and hematocrit is derived from his-
torical data for the patient or for a class of patients
corresponding to the patient.

The system of claim 8, wherein the controller (116)
is configured to store a function of hematocrit versus
viscosity-dependent parameter or hemoglobin ver-
sus viscosity, wherein the controller is configured to
calculate hematocrit or hemoglobin responsively to
said function and responsively to the stored data and
wherein the controller is configured to output said
hematocrit or hemoglobin.

The system of claim 1, wherein the at least two pres-
sure sensors include one pressure sensor (108, 111,
144) upstream and one pressure sensor (109, 112,
148) downstream of the flow restriction (107, 146).

The system of claim 1, wherein the stored data is
stored over multiple treatments for said patient to
generate a historical record for said patient (122),
wherein the stored data over said multiple treatments
indicates a trend over a course of treatment, said
trend being stored over the multiple treatments for
said patient (122) to generate a historical record of
trends for said patient (122), and wherein the trends
are stored as an average or a curve fit to viscosity
over time to provide a baseline trend, wherein the
baseline trend is compared by said controller (116)
to a current trend, and a result of the comparison is
output as a signal.

The system of claim 1, wherein the flow restriction
(107,146, 510)is alength of tubing with a predefined
shape andinner diameter, acombination of an orifice
and a rigid channel, or a precisely sized port with a
shaped inlet and outlet.

The system of claim 1, further comprising a viscosity
sensor, wherein the viscosity sensordraws a sample
(318) of blood from said fluid circuit and applies the
sample to a viscometer.

Patentanspriiche

1.

Blutbehandlungssystem (100, 136), aufweisend:

eine Maschine (104, 300), die eine oder mehrere
Pumpen (102, 132, 133) aufweist,
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einen Blutkreislauf (101, 141, 301, 303), der mit
der einen oder den mehreren Pumpen (102,
132, 133) in Eingriff ist und eine Einlassleitung
(142, 304) und eine Auslassleitung (140, 302)
zum Beférdern von Blut zu bzw. von einem Pa-
tienten (122) aufweist,

mindestens zwei Drucksensoren (108, 109,
110, 111, 144, 148) in mindestens einer von der
Einlassleitung oder der Auslassleitung, und
einen Controller (116), der konfiguriert ist, um
die eine oder die mehreren Pumpen (102, 132,
133) zu steuern, um Blut zu und von dem Pati-
enten (122) zu beférdern, wobei der Controller
(116) ferner konfiguriert ist, um Messwerte der
mindestens zwei Drucksensoren (108, 109,
110, 111, 144, 148, 504, 506) zu verwenden,
um eine Anderung iiber die Zeit (398) eines
Druckabfalls Uber eine Strdmungsbegrenzung
(107, 146, 510) in dem Blutkreislauf (101, 141)
zu ermitteln und eine Funktion als Reaktion auf
die Anderung des Druckabfalls auszufiihren,
wobei die Funktion mindestens eines aufweist
von:

Erzeugen einer Benachrichtigung, Einstel-
len einer Blutflussrate in dem Blutkreislauf,
Ausgeben einer Schatzung eines Zustands
der Maschine oder des Patienten oder Aus-
geben von Daten als Reaktion auf die
Schatzung,

dadurch gekennzeichnet, dass der Con-
troller (116) konfiguriert ist, um den Druck-
abfall zu mehreren Zeitpunkten tber einen
Zeitraum abzutasten, der eine einzelne Be-
handlung oder mehrere Behandlungen auf-
weist, und Daten als Reaktion darauf zu
speichern, wobei die Anderung des Druck-
abfalls ermittelt wird auf der Grundlage ei-
ner Entwicklung der gespeicherten Daten
Uber die Zeit.

System gemal Anspruch 1, wobei der Controller
(116), als Reaktion auf die Entwicklung, konfiguriert
ist, um eine Benutzerbenachrichtigung, eine War-
nung oder einen Alarm zu erzeugen, die/der anzeigt,
dass die Entwicklung eine Grenze Uberschreitet.

System gemaf Anspruch 1, wobei die Einlassleitung
eine arterielle Leitung (142) aufweist und die Aus-
lassleitung eine vendse Leitung (141) aufweist.

System gemaf Anspruch 1, wobei die Einlassleitung
(142, 304) und die Auslassleitung (141, 302) mit ei-
nem Einlass bzw. einem Auslass einer Behand-
lungsvorrichtung (130) verbunden sind, die zum Be-
handeln von Blut konfiguriert ist.

System gemaly Anspruch 1, wobei die Maschine
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(104, 300) angepasst ist, um ein Fluidgleichgewicht
beim Patienten zu steuern durch Regeln eines Ver-
haltnisses eines Fluidgesamtvolumens, das dem
Patienten entnommen wird, zu einem Fluidgesamt-
volumen, das dem Patienten zugefiihrt wird.

System gemal Anspruch 5, wobei der Controller
(116) programmiert ist, um das Verhaltnis aus den
gespeicherten Daten zu schatzen.

System gemal Anspruch 5, wobei der Controller
(116) programmiert ist, um das Verhaltnis unabhan-
gig von den gespeicherten Daten zu schatzen, durch
Verwenden eines Signals, das eine Pumpendreh-
zahl, ein Fluidgewicht, eine Durchflussrate oder ein
Fluidvolumen angibt.

System gemal Anspruch 1, wobei der Controller
(116) ein Patientenfluidvolumen oder eine Rate ei-
nes Fluidvolumenverlustes aus den gespeicherten
Daten berechnet.

System gemaR Anspruch 8, wobei eine Beziehung
zwischen Viskositat und Hamatokrit aus Verlaufsda-
ten fur den Patienten oder fir eine dem Patienten
entsprechende Klasse von Patienten abgeleitet
wird.

System gemal Anspruch 8, wobei der Controller
(116) konfiguriert ist, um eine Hamatokrit-versusvis-
kositédtsabhangiger-Parameter- oder Hamoglobin-
versus-Viskositat-Funktion zu speichern, wobei der
Controller konfiguriert ist, um als Reaktion auf die
Funktion und als Reaktion auf die gespeicherten Da-
ten Hamatokrit oder Hamoglobin zu berechnen, und
wobei der Controller konfiguriert ist, um den Hama-
tokrit oder das Hamoglobin auszugeben.

System gemafR Anspruch 1, wobei die mindestens
zwei Drucksensoren genau einen Drucksensor (108,
111, 144) stromaufwarts und genau einen Drucksen-
sor (109, 112, 148) stromabwarts der Strdomungsbe-
grenzung (107, 146) aufweisen.

System gemaf Anspruch 1, wobei die gespeicher-
ten Daten tber mehrere Behandlungen fir den Pa-
tienten gespeichert werden, um einen Verlaufsda-
tensatz fir den Patienten (122) zu erzeugen, wobei
die gespeicherten Daten tber die mehreren Behand-
lungen eine Entwicklung Uber einen Behandlungs-
verlauf anzeigen, wobei die Entwicklung Uber die
mehreren Behandlungen fiir den Patienten (122) ge-
speichert wird, um einen Verlaufsdatensatz von Ent-
wicklungen fiir den Patienten (122) zu erzeugen, und
wobei die Entwicklungen als ein Durchschnitt oder
eine Kurvenanpassung an die Viskositat Gber die
Zeit gespeichert werden, um eine Grundlinienent-
wicklung bereitzustellen, wobei die Grundlinienent-
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wicklung durch den Controller (116) mit einer aktu-
ellen Entwicklung verglichen wird und ein Ergebnis
des Vergleichs als ein Signal ausgegeben wird.

System gemal Anspruch 1, wobei die Strdomungs-
begrenzung (107, 146, 510) eine Schlauchlange mit
vordefinierter Form und Innendurchmesser, eine
Kombination aus einer Offnung und einem starren
Kanal oder ein genau bemessener Anschluss mit
einem geformten Einlass und Auslass ist.

System gemaf Anspruch 1, ferner aufweisend einen
Viskositatssensor, wobei der Viskositatssensor eine
Blutprobe (318) aus dem Fluidkreislauf entnimmt
und die Probe einem Viskosimeter zuflihrt.

Revendications

1.

Systéme de traitement de sang (100, 136),
comprenant :

une machine (104, 300) comprenant une ou plu-
sieurs pompes (102, 132, 133) ;

un circuit sanguin (101, 141, 301, 303) en prise
avec ladite une ou lesdites plusieurs pompes
(102, 132, 133) et comportant une ligne d’entrée
(142, 304) et une ligne de sortie (140, 302) pour
acheminer le sang vers et depuis un patient
(122), respectivement ;

au moins deux capteurs de pression (108, 109,
110, 111, 144, 148) dans au moins l'une de la
ligne d’entrée ou de la ligne de sortie ; et

un contréleur (116) configuré pour commander
ladite une ou lesdites plusieurs pompes (102,
132, 133) afin d’acheminer le sang vers et de-
puis le patient (122), le contréleur (116) étant en
outre configuré pour utiliser des relevés des au
moins deux capteurs de pression (108, 109,
110,111, 144, 148, 504, 506) afin de déterminer
une variation dans le temps (398) d’'une chute
de pression a travers une restriction d’écoule-
ment (107, 146, 510) dans le circuit sanguin
(101, 141) etd’exécuter une fonction enréponse
ala variation de la chute de pression, la fonction
comprenant au moins I'un parmi :

la génération d’'une notification, I'ajuste-
ment d’'un débit sanguin dans le circuit san-
guin, I'émission d’une estimation d’'un état
de la machine ou du patient, ou I'émission
de données en réponse a ladite estimation,
caractérisé en ce que le contréleur (116)
est configuré pour échantillonner la chute
de pression a plusieurs reprises au cours
d’'une période de temps comprenant un trai-
tement unique ou des traitements multiples
et pour stocker des données en réponse a
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ceci, la variation de la chute de pression
étant déterminée sur la base d’'une tendan-
ce dans le temps des données stockées.

Systeme selon larevendication 1, danslequel le con-
tréleur (116), en réponse a ladite tendance, est con-
figuré pour générer une notification a I'utilisateur, un
avertissement ou une alarme, indiquant que la ten-
dance dépasse une limite.

Systeme selon la revendication 1, dans lequel la li-
gne d’entrée comprend une ligne artérielle (142) et
laligne de sortie comprend une ligne veineuse (141).

Systeme selon la revendication 1, dans lequel la li-
gne d’entrée (142, 304) et la ligne de sortie (141,
302) sont connectées a une entrée et une sortie,
respectivement, d’un dispositif de traitement (130)
configuré pour traiter le sang.

Systeme selon larevendication 1, dans lequel la ma-
chine (104, 300) est adaptée pour contréler un équi-
libre de fluide dans le patient en régulant un rapport
d’un volume total de fluide retiré du patient a un vo-
lume total de fluide fourni au patient.

Systeme selon la revendication 5, selon lequel le
contrbleur (116) est programmé pour estimer ledit
rapport a partir desdites données stockées.

Systeme selon larevendication 5, danslequel le con-
tréleur (116) est programmé pour estimer ledit rap-
port indépendamment desdites données stockées
en utilisant un signal indiquant une vitesse de pom-
pe, un poids de fluide, un débit ou un volume de
fluide.

Systeme selon larevendication 1, danslequel le con-
tréleur (116) calcule un volume de fluide de patient
ou un taux de perte de volume de fluide a partir des-
dites données stockées.

Systeme selon la revendication 8, dans lequel un
rapport entre la viscosité et 'hématocrite est dérivée
de données historiques pour le patient ou pour une
classe de patients correspondant au patient.

Systeme selon larevendication 8, danslequel le con-
tréleur (116) est configuré pour stocker une fonction
d’hématocrite versus un paramétre dépendant de la
viscosité ou de I'hémoglobine versus la viscosité,
dans lequel le contréleur (116) est configuré pour
calculer ’'hématocrite ou I’'hémoglobine en réponse
a ladite fonction et en réponse aux données stoc-
kées, et dans lequel le contréleur est configuré pour
émettre ledit hématocrite ou hémoglobine.

Systeme selon la revendication 1, dans lequel les
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au moins deux capteurs de pression comprennent
juste un capteur de pression (108, 111, 144) en
amont et juste un capteur de pression (109, 112,
148) en aval de la restriction d’écoulement (107,
146).

Systeme selon la revendication 1, dans lequel les
données stockées sont stockées sur plusieurs trai-
tements pour ledit patient afin de générer un enre-
gistrement historique pour ledit patient (122), dans
lequel les données stockées sur lesdits traitements
multiples indiquent une tendance au cours d’'un trai-
tement, ladite tendance étant stockée sur plusieurs
traitements pour ledit patient (122) afin de générer
un enregistrement historique de tendances pour ledit
patient (122), etdans lequel les tendances sont stoc-
kées sous forme de moyenne ou d’ajustement de
courbe a la viscosité au dans le temps afin de fournir
une tendance de base, la tendance de base étant
comparée par ledit contréleur (116) a une tendance
actuelle, et un résultat de la comparaison étant émis
sous forme de signal.

Systeme selon la revendication 1, dans lequellares-
triction d’écoulement (107, 146, 510) est une lon-
gueur de tube avec une forme et un diametre inté-
rieur prédéfinis, une combinaison d’un orifice et d’'un
canal rigide, ou un port de taille précise avec une
entrée et une sortie fagonnées.

Systeme selon la revendication 1, comprenant en
outre un capteur de viscosité, dans lequel le capteur
de viscosité préleve un échantillon (318) de sang
dans ledit circuit de fluide et applique I’échantillon a
un viscosimetre.
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